Introduction
============

Spinal cord injury (SCI) is a severe and traumatic disease; due to of the high rates of disability and fatality, it results in a series of personal and social problems. The data of the National SCI database show that the current prevalence of SCI in the US has already reached 63,109 patients, with an estimated annual incidence of \~54 cases per million in 2012 ([@b1-mmr-20-05-4059]). In addition, functional deficits always accompany a SCI, and only 0.4% of patients experience complete neurological recovery. This is due to the fact that axons fail to regenerate after SCI ([@b2-mmr-20-05-4059]--[@b4-mmr-20-05-4059]). This failure to regenerate can be attributed to two causes: Mature neurons exhibiting a low intrinsic ability to regrow axons and the extrinsic environment determines the projection of the axon regeneration after SCI ([@b5-mmr-20-05-4059]--[@b11-mmr-20-05-4059]). In addition, mature neurons have a low intrinsic ability to regrow axons ([@b12-mmr-20-05-4059],[@b13-mmr-20-05-4059]). In past decades, a number of studies ([@b2-mmr-20-05-4059],[@b14-mmr-20-05-4059],[@b15-mmr-20-05-4059]) have focused on characterizing environmental inhibitory molecules in the adult central nervous system. However, blocking the inhibitory activities of chondroitin sulfate proteoglycans (CSPGs) and myelin-associated molecules in the glial scar via either genetic or pharmacological means allows for the regrowth of some injured axons, even though their regeneration is limited ([@b14-mmr-20-05-4059],[@b15-mmr-20-05-4059]). This evidence suggests that removing inhibitory activities alone is not sufficient to allow the majority of injured axons to regenerate and gain adequate functional recovery. It is important to understand the underlying mechanisms of both the diminished intrinsic growth and axon regenerative abilities of neurons.

Numerous studies ([@b13-mmr-20-05-4059],[@b16-mmr-20-05-4059]--[@b18-mmr-20-05-4059]) have indicated that manipulating certain signaling pathways, including the PTEN/mTOR, Janus kinase/STAT, dual leucine zipper kinase/JNK and suppressor of cytokine signaling 3/STAT3 pathways, may allow certain populations of mature central nervous system (CNS) neurons to mount regenerative growth after injury. However, the primary cellular substrate of PTEN is the second messenger phosphatidylinositol ([@b3-mmr-20-05-4059],[@b4-mmr-20-05-4059],[@b5-mmr-20-05-4059])-trisphosphate (PIP3), which transmits growth and survival signals ([@b16-mmr-20-05-4059]). PTEN removes the D3 phosphate from PIP3, inactivating the PI3K/Akt/mTOR pathway and generating phosphatidylinositol ([@b4-mmr-20-05-4059],[@b5-mmr-20-05-4059])-bisphosphate (PIP2), which does not function in the same manner as PIP3 ([@b19-mmr-20-05-4059]--[@b21-mmr-20-05-4059]). In a previous study, Park *et al* ([@b22-mmr-20-05-4059]) found that the regeneration and survival abilities of a retinal ganglion cell with PTEN gene knockdown were superior to those of normal retinal ganglion cells, and were correlated with the content of mTOR. Our previous study ([@b23-mmr-20-05-4059]) also demonstrated that PTEN silencing using short hairpin RNA (shRNA) promoted neurite elongation and motor function improvement in a rat model of SCI.

In the present study, an inhibitory microenvironment of SCI was constructed *in vitro*. An inhibitor with a high inhibition efficiency targeted against the PTEN/mTOR signaling pathway was used to explore the mechanism of axon growth/regeneration promotion. As PTEN also affects apoptosis in a number of cell types, the effects of PTEN on neuronal apoptosis were also explored.

Materials and methods
=====================

### Animal subjects and ethics statement

A total of 24 new born Wistar rats (5--6 g) were provided by the Radiation Study Institute-Animal Center at Tianjin Medical University. All experimental procedures involving animals were approved by the Ethics Committee of Tianjin Medical University and strictly complied with the Ethical Principles for the Maintenance and Use of Animals In Neuroscience Research ([@b24-mmr-20-05-4059]).

### Neuron isolation and culture

In brief, forebrain cortices from postnatal day 0 (P0) Wistar rats were dissected under a stereomicroscope (LEICA M501; Leica Microsystems GmbH) and dissociated into a single-cell suspension through enzymatic digestion (Papain and DNase I; Worthington Biochemical Corporation) and mechanical pipetting. After centrifugation for 5 min at 200 × g and 4°C, the cells were resuspended at a density of 6×10^5^ cells/ml in fresh plating medium \[DMEM-high containing 10% FBS (both Gibco; Thermo Fisher Scientific, Inc.) and 1% (vol/vol) penicillin/streptomycin (Sigma-Aldrich; Merck KGaA)\]. The cells were cultured in culture plates (BD Falcon; BD Biosciences) coated with 0.01% poly-L-lysine (PLL; Sigma-Aldrich; Merck KGaA) at 37°C in a humidified incubator with 5% CO~2~. The plating medium was replaced by serum-free medium \[Neurobasal containing 10 ng/ml neuronal growth factor, 2% (vol/vol) B27 supplement, 0.5 mM L-glutamine (all Gibco; Thermo Fisher Scientific, Inc.), 0.5% (vol/vol) D-glucose and 0.5% (vol/vol) penicillin/streptomycin (Sigma-Aldrich; Merck KGaA)\] 4 h later. Half of the serum-free medium was replaced every 3 days. A primary antibody against β-tubulin III (1:500; Abcam, ab18207) was applied as a specific axonal marker to identify the neurons. In addition, Hoechst 33342 (1 µg/ml; Invitrogen; Thermo Fisher Scientific, Inc.) was used to visualize the nuclei of all cells in TUNEL staining.

### Preliminary specific inhibitors efficiency assay

The inhibitor of PTEN dipotassium bisperoxo (picolinato) oxovanadate \[bpV(pic); Sigma-Aldrich; Merck KGaA\] was reconstituted in ddH~2~O for a 500-µM stock; different concentrations (100, 300, 500, and 700 nM) were tested (data not shown) and the final concentration used was 500 nM. Inhibitive efficiency of bpV(pic) was still lower than that of control group at day 14 (data not shown). The highly selective inhibitor of PI3K LY294002 (Cell Signaling Technology, Inc.) was reconstituted in DMSO for a 10-mM stock; the final concentration used was 50 µM. The inhibitor of mTOR ridaforolimus (Santa Cruz Biotechnology, Inc.) was reconstituted in DMSO for a 100-µM stock; the final concentration used was 100 nM. To evaluate the efficiency of the inhibitors of the PTEN/Akt/mTOR signaling pathway, the neurons were separated into four treatment groups \[control, LY294002 + bpV(pic), ridaforolimus + bpV(pic) and bpV(pic)\]. Half of the culture medium was replaced every 3 days. These samples were collected for western blot analysis at day 7, based on a phosphorylation pattern study. In addition, primary antibodies for Akt (cat. no. 4691, 1:1,000), phosphorylated (p-)Akt (cat. no. 4060, 1:1,000), mTOR (cat. no. 2983, 1:1,000), p-mTOR (cat. no. 5536, 1:1,000), p70-S6 kinase 1 (p70S6K; cat. no. 97596, 1:1,000) and p-p70S6K (cat. no. 97596, 1:1,000; all Cell Signaling Technology, Inc.) were used in this procedure at 4°C overnight.

### Plating preparation

To explore the effect of specific inhibitors on axonal growth, 6-well plates were coated with 0.01% PLL overnight. The next day, they were washed three times with PBS and dried at 37°C. Then, 3-µl droplets of CSPGs (50 µg/ml; EMD Millipore) were spotted onto the 6-well plates for 4 h at 37°C. After the droplets dried, the six-well plates were covered with laminin(LN) (10 µg/ml; Invitrogen) for 2 h at 37°C. They were then washed three times with PBS and stored at 37°C before neuron plating.

### Immunocytochemistry

Immunocytochemistry was performed as described previously ([@b25-mmr-20-05-4059]). Neurons were treated with the various inhibitors for 3 days, then the medium was changed. Cytochemistry was performed on day 7, and all cytochemistry was performed on cells cultured on CSPGs-coated plates. After 10 days of culture, the four groups of neurons were fixed with 4% PFA in PBS for 5 min and incubated in 0.3% Triton X-100 (Sigma-Aldrich; Merck KGaA) for 5 min and blocking solution containing 10% goat serum (OriGene Technologies, Inc.) in PBS for 60 min all these steps are at room temperature. The primary antibodies, mouse (IgM) anti-CSPG (clone CS-56; 1:500; Sigma-Aldrich; Merck KGaA, Cat no. SAB2100493) and rabbit anti-β-tubulin III (1:100; Abcam, Cat no. ab18207), were used to identify CSPGs and neurons, respectively. All cultures were stained with primary antibodies overnight at 4°C. The cultures were then washed three times and stained with the secondary antibodies AMCA-conjugated goat anti-mouse IgM (Jackson ImmunoResearch cat. no. 115-155-020) and TRITC-conjugated goat anti-rabbit IgG (OriGene Technologies, Inc. cat. no. S0015) for 1 h at room temperature. Hoechst 33342 was used to visualize the nuclei for 10 min at room temperature.

### Quantification of neurites

Neurite length and the extent of branching were calculated from images of at least 120 neurons for each culture condition that were acquired under a fluorescence microscope (magnification, ×20; IX71; Olympus Corporation). Neurites extending over the CSPG substrate were traced and measured using the Image-Pro Plus 7.0 software (Media Cybernetics, Inc.) for each field. Maximum neurite length was defined as the length of the longest continuous neurite. The number of primary neurites was defined as the number of neurites that were extending from the cell body. In light of the enhanced crossing ability onto CSPGs, only individually identified axons were analyzed, and the percentage of neurites that crossed the CSPGs border was calculated.

### Western blot analysis

After 7 days, the cells were placed for 30 min in culture medium containing a final concentration of 100 µM H~2~O~2~ at 37°C to induce apoptosis of neurons. Western blotting analysis was performed as described previously ([@b26-mmr-20-05-4059]), with minor modifications. The total protein of each treatment group was extracted from neurons on the 10-cm dishes using RIPA buffer (Santa Cruz Biotechnology, Inc.) and protease inhibitor cocktail (Sigma-Aldrich; Merck KGaA) on ice. A bicinchoninic acid protein assay kit (Pierce; Thermo Fisher Scientific, Inc.) was used to measure the protein concentration. Equal amounts of the samples (20 µg) were separated via 10% SDS-PAGE. Proteins were transferred to PVDF membranes for 1 h at 100 V and blocked with 5% milk for 1 h at room temperature. Membranes were then incubated with the primary antibodies \[Bcl-2, 1:1,000, cat. no. 3498 and native caspase-3, 1:1,000, cat. no. 9662 (Cell Signaling Technology, Inc.); PTEN, 1:1,000; cat. no. 9188 (Cell Signaling Technology, Inc.\] in blocking solutions at 4°C overnight before detection with HRP-conjugated secondary antibodies. Immunoreactive bands were visualized on film by enhanced chemiluminescent substrate (Pierce, Thermo Fisher Scientific, Inc.) ImagePro Plus version 7.0 (Media Cybernetics) software was used to calculate the density.

### TUNEL staining for H~2~O~2~-mediated apoptosis

After 7 days, cells were placed for 30 min in culture medium containing a final concentration of 100 µM H~2~O~2~. Then, in 4% paraformaldehyde in PBS for 5 min at room temperature for fixation. Fragmented DNA in apoptotic cells was quantified using a TUNEL System (Roche Diagnostics) on 96-well plates. TUNEL reagent was added to fixed neurons for 60 min at 37°C in the dark. Fluorescein-12-dUTP-labelled DNA in the cortex was visualized under a fluorescence microscope (magnification, ×10, IX71; Olympus Corporation). The nuclei were counterstained with Hoechst 33342 (1 µg/ml; Invitrogen; Thermo Fisher Scientific, Inc.). Hoechst 33342 was added to the neurons for 10 min at room temperature. For apoptotic cells, positive green fluorescent apoptotic nuclei in three view fields that were selected randomly in each plate were examined. ImagePro Plus version 7.0 image analysis software (Media Cybernetics, Inc.) was used to calculate the percentage of neuronal apoptosis. The average value was taken as the final result.

### Statistical analysis

All statistical analyses were performed using SPSS 18.0 software (SPSS, Inc.). All data are presented as the mean ± standard error of mean, and χ^2^ test or one-way analysis of variance (ANOVA) was used for comparisons among the four groups. For all ANOVA measures, Tukey\'s test was used following ANOVA; groups were treated as the independent variable and the levels of the outcome variables as the dependent variables. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Culture and identification of forebrain cortical neurons

The procedures of isolation and neuron seeding were completed within 4 h of animal sacrifice. The plating medium was replaced with serum-free medium 4 h later. After 7 days of culture, immunocytochemistry was performed to identify the cerebral cortical neurons ([Fig. 1](#f1-mmr-20-05-4059){ref-type="fig"}). The neurons were immunostained red by β-tubulin III, a widely used neuron marker ([@b27-mmr-20-05-4059]--[@b29-mmr-20-05-4059]), and their nuclei were stained blue by Hoechst 33342. The purity of the neurons in the cultures (proportion of β-tubulin III positive neurons) was 94.78±1.56%.

### Efficiency of specific inhibitors of the PTEN/Akt/mTOR signaling pathway

After 7 days of culture, samples from the four treatment groups were collected for western blot analysis ([Fig. 2](#f2-mmr-20-05-4059){ref-type="fig"}). The inhibition efficiency of bpV(pic) was detected, and it was demonstrated that it could effectively inhibit the expression of PTEN ([Fig. S1](#SD1-mmr-20-05-4059){ref-type="supplementary-material"}). After adding PTEN inhibitor bpV(pic), the phosphorylation levels of Akt and p70S6K (Thr421/Ser424) of the bpV(pic) group were increased significantly compared with the control group ([Fig. 2](#f2-mmr-20-05-4059){ref-type="fig"}). In addition, the phosphorylation levels of mTOR were slightly increased. No clear dose-dependent effects of bpV(pic) were observed. Neurons were cultured to analyze the inhibitive efficiency of bpV(pic) at the day 14 time point, and it was demonstrated that the inhibition was still effective. In the LY294002 + bpV(pic) group, the high expression levels of p-Akt and p-p70S6K (Thr421/Ser424) induced by bpV(pic) were eliminated by LY294002. The p-mTOR/mTOR ratio decreased compared with the control group, as LY294002 inhibited the kinase activity of PI3K on mTOR. The levels of total mTOR and Akt were markedly increased in the LY+bpv group compared with control. In the ridaforolimus + bpV(pic) group, the relative expression of p-Akt was increased; however, the phosphorylation levels of mTOR and p70S6K(Thr421/Ser424) were significantly decreased.

### Effects of specific inhibitors on axon growth

The neurons were seeded on a surface coated with PLL + CSPGs + LN. After plating, the medium was replaced with serum-free medium, and the inhibitors were added to the medium. After 10 days of culture, immunocytochemistry was performed to evaluate the neurite initiation and elongation abilities in the presence of CSPGs. Mouse anti-CSPG and rabbit anti-β-tubulin III antibodies were used to identify CSPG and neurons, respectively. The mean maximum axon lengths were 107.78±21.95, 102.92±26.51, 96.55±25.37 and 218.57±26.77 µm in the control, LY294002 + bpV(pic), ridaforolimus + bpV(pic) and bpV(pic) groups, respectively ([Fig. 3A and B](#f3-mmr-20-05-4059){ref-type="fig"}); a significant increase was observed in the bpV(pic) group compared with control (one-way ANOVA, P\<0.001). The number of primary neurites was 3.1±0.96, 3.1±1.05, 2.9±1.40 and 4.5±1.90 in the control, LY294002 + bpV(pic), ridaforolimus + bpV(pic) and bpV(pic) groups, respectively ([Fig. 3A and C](#f3-mmr-20-05-4059){ref-type="fig"}). The number of neurites was significantly increased in the bpV(pic) group compared with control (one-way ANOVA, P\<0.001). The percentage of neurites that crossed the CSPG border was 6.32±2.01%, 6.25±1.71, 7.34±2.51 and 20.1±1.99% in the four groups ([Fig. 4](#f4-mmr-20-05-4059){ref-type="fig"}). The percentage of neurites that crossed the CSPG border was significantly increased in the bpV(pic) group compared with control (one-way ANOVA, P\<0.01).

### Effects of specific inhibitors on H~2~O~2~-mediated apoptosis

After the plating medium was replaced with serum-free medium, the inhibitors were added to the medium. After 7 days of culture, cells were incubated in culture medium containing 100 µM H~2~O~2~ for 30 min. Western blotting and TUNEL staining were performed to explore the effects of specific inhibitors on neuronal apoptosis. Using western blotting analysis ([Fig. 5](#f5-mmr-20-05-4059){ref-type="fig"}), it was determined that Bcl-2 protein exhibited a higher level of expression in the ridaforolimus + bpV(pic) and bpV(pic) groups, and reduced expression in the LY294002 + bpV(pic) group compared with the control group. The expression of caspase-3 was not significantly different across the four groups.

Apoptosis was further analyzed using TUNEL staining; cells and apoptotic cells were stained blue and green, respectively. The percentage of neuronal apoptosis was 49.1±3.2, 66.1±7.9, 32.6±4.0 and 27.8±6.3% in the control, LY294002 + bpV(pic), ridaforolimus + bpV(pic) and bpV(pic) groups, respectively ([Fig. 6](#f6-mmr-20-05-4059){ref-type="fig"}). The percentage of neuronal apoptosis was significantly reduced in the ridaforolimus + bpV(pic) and bpV(pic) groups compared with control (one-way ANOVA, P\<0.05).

Discussion
==========

Studies ([@b15-mmr-20-05-4059]) in the last few decades have focused on characterizing environmental inhibitory molecules in the adult central nervous system. Our previous study ([@b23-mmr-20-05-4059]) showed that an shRNA against PTEN promoted neurite outgrowth of cortical neurons and functional recovery in rats following spinal cord contusion. The present study explored the role of the PTEN/Akt/mTOR signaling pathway in axonal growth/regeneration and neuronal apoptosis in the presence of CSPGs-mediated inhibition.

PTEN is an important potent tumor suppressor and has been found to be mutated in the development of various cancers, including hepatocellular carcinoma and lung cancer ([@b30-mmr-20-05-4059],[@b31-mmr-20-05-4059]). It not only serves an essential role in cell proliferation, differentiation, growth and migration, but also affects apoptosis ([@b32-mmr-20-05-4059]--[@b35-mmr-20-05-4059]). According to previous studies ([@b36-mmr-20-05-4059],[@b37-mmr-20-05-4059]), PTEN dramatically enhances the intrinsic growth/regenerative ability of corticospinal neurons to promote the extension of injured corticospinal tract (CST) axons following SCI with PTEN inactivation. It negatively regulates intracellular levels of PIP3; this dephosphorylation (p-mTOR dephosphorylated into mTOR) is important as it results in inhibition of the Akt signaling pathway ([@b20-mmr-20-05-4059]). The PI3K/Akt signaling pathway has a central role in cell growth and survival through the phosphorylation and inhibition of a number of vital substrates. For example, Akt can activate the transcription of the proapoptotic genes encoding Fas receptor and Bcl-2-like protein 11, and inactivate the proapoptotic Bcl-2 family member Bcl-2-associated agonist of cell death ([@b20-mmr-20-05-4059],[@b38-mmr-20-05-4059]--[@b40-mmr-20-05-4059]). mTOR is a serine/threonine protein kinase that consists of two types of protein complexes ([@b41-mmr-20-05-4059]). The protein kinase mTOR phosphorylates multiple downstream proteins of the PI3K/Akt pathway ([@b41-mmr-20-05-4059]). In this experiment, p70S6K was selected as a biomarker of mTOR activity ([@b41-mmr-20-05-4059]).

The present study used pharmacological methods. The specific inhibitors of PTEN, Akt and mTOR, bpV(pic), LY294002 and ridaforolimus, were used to treat cells ([@b10-mmr-20-05-4059],[@b42-mmr-20-05-4059],[@b43-mmr-20-05-4059]). The experiments comprised four groups based on the inhibitor used in each. Western blot analysis was used to verify the efficiency of the specific inhibitors. Compared with the control group, the phosphorylation levels of Akt, p70S6K and mTOR of the bpV(pic) group were significantly increased. This suggested that bpV(pic) had an effect on the PTEN/Akt/mTOR signaling pathway. When LY294002 was added, the phosphorylation levels of Akt, mTOR and p70S6K were downregulated. When the ridaforolimus was added, the phosphorylation levels of mTOR and p70S6K were downregulated, but the level of p-Akt was unchanged. These results demonstrated that these specific inhibitors exhibited high inhibitory efficiency, and that the PI3K/Akt/mTOR signaling pathway was activated in cells following PTEN inhibition.

Axonal regeneration and sprouting are two important strategies for SCI repair ([@b8-mmr-20-05-4059]). In addition, they may be central to promoting reinnervation and functional recovery after SCI. It was first explored whether cerebral cortical neurons would show significant improvement in overcoming CSPGs-mediated axonal inhibition following PTEN inhibition. The maximum axon length, number of neurites and percentage of neurites that crossed the CSPGs border were all significantly higher in the bpV(pic) group. The neurons gained an increased ability to extend their axons over the CSPGs substrate and to cross into the CSPGs-rich regions. This finding is consistent with our and other previous studies ([@b8-mmr-20-05-4059],[@b23-mmr-20-05-4059],[@b44-mmr-20-05-4059]). In addition, when LY294002 and ridaforolimus were added, the ability for neuronal regeneration was attenuated. This suggested that the PTEN inhibition promoted axonal growth/regeneration through the PI3K/Akt/mTOR signaling pathway. Then, the H~2~O~2~-induced apoptosis of cerebral cortical neurons following PTEN inhibition was explored. The results of TUNEL staining showed that the percentage of neuronal apoptosis was significantly lower in the ridaforolimus + bpV(pic) and bpV(pic) groups. However, it was higher in the LY294002 + bpV(pic) group, suggesting that PI3K signaling was critically involved in apoptotic induction. In addition, mTOR appeared to not be a critical downstream target; based on previous findings, glycogen synthase kinase 3β may be an important downstream target for neuronal apoptosis ([@b1-mmr-20-05-4059],[@b45-mmr-20-05-4059]).

SCI is a complicated pathophysiological process that involves a cascade of cellular and biochemical events ([@b2-mmr-20-05-4059],[@b46-mmr-20-05-4059]--[@b48-mmr-20-05-4059]). The present study found that the PI3K/Akt/mTOR signaling pathway served an important role in neuronal regeneration. Whether other signaling pathways are involved in neuronal regeneration, and whether there is crossover activity between these signaling pathways, requires further investigation. In any case, a single treatment strategy, in spite of decreases in the inhibitory factors present in the microenvironment or the promotion of neuron-intrinsic regenerative abilities, is not sufficient to support neuronal regeneration; thus, combining treatments with other successful strategies targeting different mechanisms for repair may be more successful. Further studies should be performed to address the issues associated with SCI.

bpV(pic) is an effective PTEN inhibitor. PTEN inhibition mediated by bpV(pic) promoted the axonal elongation and initiation abilities of cerebral cortical neurons, as well as the ability of these axons to cross the CSPG border; these effects were mediated via the PTEN/PI3K/Akt/mTOR signaling pathway. Furthermore, PTEN inhibition mediated by bpV(pic) protected neurons from apoptosis. The results of the present study may provide a potential novel strategy for the treatment of SCI through PTEN inhibition.
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![Neuronal culture and identification. Primary neuronal cultures from the cerebral cortex of Wistar rat pups (postnatal day 0) were stained with Hoechst 33342 (blue) and anti-β-tubulin III (red). The purity of the neurons in the cultures was 94.78±1.56%. Magnification, ×20.](MMR-20-05-4059-g00){#f1-mmr-20-05-4059}

![Efficiency of specific inhibitors of the PTEN/Akt/mTOR signaling pathway. (A) Western blot (7 days post-culture) showing the decreased expression of the PTEN/Akt/mTOR signaling pathway. Quantification of (B) p-AKT/AKT, (C) p-mTOR/mTOR and (D) p-p70S6K/p70S6K. \*P\<0.05 vs. control, \*\*P\<0.001 vs. control. p-, phosphorylated; LY, LY294002; bpV(pic), dipotassium bisperoxo (picolinato) oxovanadate; Rida, ridaforolimus; p70S6K, p70-S6 kinase 1.](MMR-20-05-4059-g01){#f2-mmr-20-05-4059}

![PTEN inhibition promotes neurite elongation and initiation over the chondroitin sulfate proteoglycan substrate *in vitro*. (A) Different inhibitors were added to the medium; 10 days later, neurons were double stained for β-tubulin III (red) and CSPGs (blue). The maximum neurite length and number of neurites were measured. Magnification, ×40. (B) Quantification of the maximum neurite length. The maximum axon lengths showed a significant increase in the bpV(pic) group (one-way ANOVA, P\<0.001). (C) Number of neurites. The number of neurites was significantly higher in the bpV(pic) group (one-way ANOVA, P\<0.001). \*P\<0.05 vs. control. ANOVA, analysis of variance; LY/L, LY294002; bpV(pic), dipotassium bisperoxo (picolinato) oxovanadate; Rida/R, ridaforolimus; SEM, standard error of the mean.](MMR-20-05-4059-g02){#f3-mmr-20-05-4059}

![PTEN silencing promotes the ability of neurites to cross the chondroitin sulfate proteoglycan border. (A) Different inhibitors were added to the medium; 10 days later, neurons were double stained for β-tubulin III (red) and CSPGs (blue). Neurite crossing and contact with the CSPGs border were also measured. the Magnification, ×40. (B) Quantification of the percentage of neurites that crossed the CSPG border. The percentage of neurites that crossed the CSPG border was significantly higher in the bpV(pic) group (one-way ANOVA, P\<0.01). \*P\<0.05 vs. control. CSPGs, chondroitin sulfate proteoglycans; bpV(pic), dipotassium bisperoxo (picolinato) oxovanadate; Rida/R, ridaforolimus; LY/L, LY294002.](MMR-20-05-4059-g03){#f4-mmr-20-05-4059}

![Effects of specific inhibitors on H~2~O~2~-mediated apoptosis. (A) Western blotting (7 days post-culture) showing the expression of (B) Bcl-2 and (C) caspase-3. \*P\<0.05 vs. Control. LY/L, LY294002; bpV(pic), dipotassium bisperoxo (picolinato) oxovanadate; Rida/R, ridaforolimus.](MMR-20-05-4059-g04){#f5-mmr-20-05-4059}

![Effects of specific inhibitors on H~2~O~2~-mediated apoptosis. TUNEL staining was performed. (A) Different inhibitors were added to the medium; 7 days later, neurons were double-stained with TUNEL-Fluorescein-12 (green) and Hoechst 33342 (blue). Magnification, ×10. (B) Quantification of neuronal apoptosis. LY, LY294002; Rida, ridaforolimus; bpV(pic), dipotassium bisperoxo (picolinato) oxovanadate. \*P\<0.05 vs. control.](MMR-20-05-4059-g05){#f6-mmr-20-05-4059}
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